To monitor prospectively patients with Clostridium difficile-associated diarrhea (CAD) in a six hundred bed tertiary care hospital to determine which factors influenced the recurrence of the diarrhea. DESIGN: A prospective, nonrandomized study. After an initial diagnosis of CAD, patients were interviewed, and each week stool samples and environmental samples were monitored for the presence of toxigenic C difficile for as long as the patients remained in hospital. The relationship of concurrent antibiotics, prolonged fecal excretion of organism or toxin, and environmental contamination was assessed. PATIENTS: Over a two-and-a-half year period, 75 consecutive patients with CAD were selected and those who gave their written informed consent were enrolled. A control group to evaluate environmental contamination consisted of 75 patients with diarrhea not associated with C difficile. RESULTS: Of the 75 CAD patients, 11 (14.7%) had a recurrence of their diarrhea. Diarrhea recurrence was associated with an increased rate of prolonged excretion of toxigenic organism and/or C difficile toxin(s) (nine of 11 [81.8%] compared with nine of 64 [14.1%]; P£ 0.0001; relative risk 14.25; 95% CI 3.383 to 60.023). The risk of diarrhea recurrence was not related to a specific antibiotic but to concurrent therapy. Treatment within 30 days of initial CAD-specific treatment with an antibiotic other than metronidazole or vancomycin occurred significantly more frequently in patients with recurrence of diarrhea compared with those who did not have a recurrence (eight of 11 [72.7%] Pour voir le résumé, voir page suivante C lostridium difficile is the most commonly known etiological agent of hospital-acquired infectious diarrhea (1-7). Only strains that produce both toxin A and toxin B have been associated with human disease (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . Approximately 15% (range of 5% to 24%) of patients who are treated for C difficile-associated diarrhea have a recurrence of their diarrhea (17) (18) (19) ; this may be due to relapse with their original C difficile strain or due to reinfection with a different strain (20) . The basis for the recurrence of diarrhea and the role of prolonged fecal excretion of toxin in the risk of diarrhea recurrence have not been well studied. The aims of this study were to follow prospectively 75 patients with C difficile-associated diarrhea (CAD), and determine the frequency and temporal distribution of diarrhea recurrence; determine whether factors such as concurrent antibiotics, or continued excretion of C difficile toxin(s) or toxigenic organisms in patients treated for CAD correlated with diarrhea recurrence; and determine the frequency of environmental contamination and the relationship of environmental isolates to patient isolates.
C lostridium difficile is the most commonly known etiological agent of hospital-acquired infectious diarrhea (1) (2) (3) (4) (5) (6) (7) . Only strains that produce both toxin A and toxin B have been associated with human disease (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . Approximately 15% (range of 5% to 24%) of patients who are treated for C difficile-associated diarrhea have a recurrence of their diarrhea (17) (18) (19) ; this may be due to relapse with their original C difficile strain or due to reinfection with a different strain (20) . The basis for the recurrence of diarrhea and the role of prolonged fecal excretion of toxin in the risk of diarrhea recurrence have not been well studied. The aims of this study were to follow prospectively 75 patients with C difficile-associated diarrhea (CAD), and determine the frequency and temporal distribution of diarrhea recurrence; determine whether factors such as concurrent antibiotics, or continued excretion of C difficile toxin(s) or toxigenic organisms in patients treated for CAD correlated with diarrhea recurrence; and determine the frequency of environmental contamination and the relationship of environmental isolates to patient isolates.
PATIENTS AND METHODS

Patient populations studied:
Inpatients of St Boniface General Hospital, St Boniface, Manitoba, with diarrhea, whose stool samples had been tested for C difficile cytotoxin, were reviewed on a daily basis. The routine CAD diagnostic test was the tissue culture cytotoxin assay. Patients were arbitrarily selected on a consecutive basis and asked to give written informed consent for enrolment in the study. Human experimentation guidelines of the United States Department of Health and Human Services, and the University of Manitoba were followed in the conduct of this research. These patients were not matched for any criteria other than the presence of clinically significant diarrhea. These patients were prospectively monitored during their hospital admission (to a maximum of 13 weeks). Relevant clinical data were obtained from chart reviews and weekly interviews with the patients. Weekly swab cultures were obtained from stools, bedrail, buzzer, toilet (or commode as appropriate) and bedpan sprayer. Weekly stool samples obtained after enrolment were evaluated by ELISA testing to detect toxins A and B, by tissue culture for cytotoxin and by culture for viable organisms. One toxigenic isolate or sample was stored and used for pulsed field gel electrophoresis (PFGE) analysis.
To assess endemic environmental contamination with this organism, a group of control patients who were hospitalized and had diarrhea that was not associated with C difficile were included in the study. The one-time environmental sampling included bedrail, buzzer, bedpan sprayer and toilet (or commode as appropriate) samples. None of the patients enrolled in this part of the study shared rooms with patients who had CAD. Case definitions: The following case definitions were used throughout the study analysis. CAD: CAD patients were symptomatic (ie, had diarrhea defined as stool that took the shape of the container and frequent enough for a physician to consider it clinically significant) with cytotoxin detected directly in the stool. In addition, patients had to have been treated with either vancomycin or metronidazole for their diarrhea or have had their previous antimicrobial(s) discontinued.
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Can J Infect Dis Vol 10 No 4 July/August 1999 Diarrhea recurrence: For a patient to have a recurrence of diarrhea, the patient's diarrhea had to have stopped after treatment of the initial episode, recurred during the same hospitalization and met all of the criteria outlined in the definition of CAD. Patients whose diarrhea initially responded to metronidazole or vancomycin therapy, and subsequently recurred while still on this antimicrobial treatment, were included in this group. Treatment failure: A treatment failure happened when the patient's diarrhea persisted and did not respond despite antimicrobial treatment with metronidazole or vancomycin. Prolonged excreter: A prolonged excreter was a patient treated for CAD, but who continued to have detectable toxin(s) (by cytotoxin testing or ELISA) or grew a toxigenic C difficile isolate more than three weeks after initiation of specific therapy for CAD. Bacterial strains and culture media: Stool and environmental samples were inoculated into thioglycollate broth containing 250 m g/mL of cycloserine and 8 m g/mL of cefoxitin (CCF Supplement, Oxoid, Nepean, Ontario). The inoculated cycloserine and cefoxitin broths (CCFB) were then incubated aerobically at 35°C. The CCFB acts as an enrichment broth for C difficile in stool samples. Any inoculated CCFB tubes that showed turbidity were subcultured onto prereduced cycloserine, cefoxitin, fructose agar (CCFA) plates and incubated in an anaerobic chamber for 48 h. The concentration of CCF supplement in the CCFA plates was the same as the CCFB. Colonies of C difficile were identified by Gram stain, fluorescence under ultraviolet light, colonial morphology and a positive latexagglutination with C difficile specific antisera (Serobact, Wellmark Diagnostics, Guelph, Ontario). One isolate of C difficile from each site was tested for cytotoxin B production and then stored in skim milk at -70°C for subsequent PFGE analysis. Inoculated CCFB tubes showing no turbidity by five days were discarded as negative. Cytotoxin B tissue culture assay: Stool samples were processed according to standard cytotoxin assay procedures using human foreskin fibroblast (HFF) cells. The final dilution of the stool sample in the HFF monolayer was 1:24. Appropriate positive and negative controls (Baxter Diagnostics, Mississauga, Ontario) for the C difficile assay were run with each tray. Monolayers were observed after 24 and 48 h incubation. Monolayers showing characteristic cytopathic effect (CPE) that was neutralizable by antitoxin were called positive for cytotoxin B. If no CPE was observed after 48 h incubation, the sample was reported as negative for cytotoxin B. Samples showing unusual looking CPE (ie, not characteristic rounding of cells) or CPE not neutralizable by antitoxin, were diluted further (final dilution of 1:50 or 1:100) and retested to rule out nonspecific CPE. ELISA for toxin A and B: Stool samples were either processed immediately or stored at -70°C before the ELISA assay. The Cytoclone A+B EIA assay (Cambridge Biotech Corporation, Worchester, Massachusetts) was performed as described by the manufacturer. PFGE -Chromosomal DNA isolation: Total genomic DNA was prepared using modifications of the method described by Simor et al (21) . C difficile isolates were grown in 10 mL of prereduced brain-heart infusion broth (BHI) with 20 mM L-threonine anaerobically at 35°C for 16 to 18 h. Restriction enzyme digestion and electrophoresis: Fragments of DNA generated after digestion using 20 U/plug of SmaI (Boehringer-Mannheim) were separated by PFGE using a CHEF Mapper system (Bio-Rad) in a 1% gel made with 0.5X Tris-borate-EDTA buffer (Sigma). The pulse times were ramped linearly from 1 s to 40 s over 22 h at 200 V and 12°C. Gels were stained with 0.5 m g/mL of ethidium bromide and photographed using ultraviolet illumination. Statistical analysis: All data were entered into a computer database, and statistical analysis was performed using the GraphPad InStat (GraphPad Software, San Diego, California) statistical program. The t test was used for continuous variables, and the c 2 test or Fisher's Exact test were used for discrete variables. Nonparametric analysis (eg, for days in hospital) for unpaired data was done using the Mann-Whitney test.
RESULTS
One hundred and fifty patients gave informed consent; 75 patients with CAD were enrolled and monitored prospectively to determine whether diarrhea recurrence was related to concurrent antibiotics and/or prolonged excretion, and to assess environmental contamination. Seventy-five patients with diarrhea not due to C difficile were enrolled to determine the level of endemic environmental contamination only. Patients were enrolled over a 2.4-year period from November 1991 to January 1994. In 1991, before starting this study, the positivity rate for C difficile was 16.2 % (1249 submitted samples, of which 202 were positive), and the case incidence per 100,000 patient-days was 49.6. In each subsequent year, approximately one-third of all the patients with CAD were enrolled in the study. The case incidence in 1992 and 1993 was 48.6 and 35.2, respectively, per 100,000 patient days.
Stool samples from the 75 CAD patients were monitored prospectively ( Figure 1 ). Up to 50% of CAD patients leave hospital within three to four weeks of being treated for CAD (Figure 1) . Despite decreasing numbers of patients remaining in hospital after CAD therapy was initiated, each week about one-third of the patients continued to have stool samples that were test positive by one of the diagnostic tests evaluated. Eleven patients had diarrhea recurrence, and 18 of the 75 patients were prolonged excreters. The distribution of diarrhea recurrence stratified by week of hospitalization is shown in Figure 1 . Comparative clinical information for diarrhea recurrence versus nondiarrhea recurrence CAD patients who were prospectively monitored is given in Table 1 . The mean age and the ratio of men to women in the two populations were not significantly different; however, the range of ages was very wide for both groups ( Table 1) .
The majority of patients (93%) treated for CAD received metronidazole. The average length of initial metronidazole therapy was 10.9± 5.3 days and 7.5± 5.9 days for patients with diarrhea recurrence and nondiarrhea recurrence, respectively (not significantly different P=0.08). Thirteen patients were later switched to vancomycin for a number of reasons. To determine further whether the antibiotic therapy that these patients received affected on diarrhea recurrences, the time-line of diarrhea and antibiotic use was made (Figure 2 ). The average time to the first episode of diarrhea reccurence after completion of therapy for CAD (either metronidazole or vancomycin) was 11.5 days (range two to 39 days). It was not possible to determine whether the two cases of diarrhea recurrence that occurred while patients were taking their initial metronidazole therapy were due to treatment failure. 13 .88) to have received antibiotics other than metronidazole and/or vancomycin at the time of, or just before, their recurrence of diarrhea ( Figure 2 ) compared with patients who did not have diarrhea recurrence (22 of 64, 34.4%). Cephalosporins were the 'other concurrent' antibiotics most commonly used, but this was not significantly greater than the nondiarrhea recurrence group. The relative risk of prolonged excretion was 14.25-fold greater (95% CI 3.38 to 60.02) for diarrhea reccurence compared with nondiarrhea reccurence patients ( Table 1) . Prolonged excretion was defined as the presence of toxigenic C difficile and/or detectable C difficile toxin(s) at week 3 or later after antibiotic therapy was initiated for CAD. This three-week postinitiation of antibiotic therapy cutoff was chosen because it was expected to represent one week after the completion of antibiotic therapy for CAD (protocols for metronidazole or vancomycin to treat CAD most commonly last 10 to 14 days). Fifty-one stool samples from the 75 patients were positive (beyond week 1) by at least one of the three test methods (cytotoxin testing, culture or ELISA). Of these 51 samples, the cytotoxin assay was positive in 44 of 51 (86.3%), ELISA in 30 of 51 (58.8%) and CCFB enrichment culture in 20 of 51 (39.2%). Prolonged excretion of C difficile toxin(s) or toxigenic organism for three weeks or more occurred in 18 of the 75 patients enrolled (Figure 3 ). Only one patient had multiple diarrhea recurrences. This patient had detectable toxigenic-C difficile in five of the nine available stool samples over 13 weeks of hospitalization. Although diarrhea recurrence correlated with prolonged excretion, most instances of diarrhea recurrence occurred in the first three to four weeks after the diagnosis of CAD. In many instances, a toxigenic organism did not grow despite a positive cytotoxin or ELISA test (Figure 3) .
When the isolation of toxigenic C difficile environmental isolates was stratified by week of hospitalization, 12 of 13 (92.3%) of the environmental contaminants detected from week 3 onwards came from rooms of five patients who were prolonged excreters. The maximum length of continued environmental contamination for any one patient was four weeks. In most instances (13 of 16), environmental contamination was detected only once. It was unlikely that the environmental contamination with toxigenic C difficile was due to high endemic levels of environmental contamination, because environmental samples obtained in week 1 of hospitalization indicated that patients with CAD had significantly (P=0.002) more environmental contamination (14 of 75, 18.7%) compared with patients with non-CAD (two of 75, 2.6%). The relative risk was 1.92 (95% CI 1.47 to 2.49). The bed pan sprayer (CAD eight, non-CAD two) was the most common site followed by the toilet (CAD five, non-CAD zero) and the bed rail (CAD one, non-CAD zero).
Fifteen patients with CAD had at least one toxigenic C difficile isolate available for PFGE. Isolates from stool came from week 2 onwards. Environmental cultures for toxigenic C difficile were performed every week. There were, from all sources, 60 isolates of toxigenic C difficile available for PFGE. Of the 57 that had discernable banding patterns that allowed comparative analysis, 26 were from stool samples, 21 were from bedpan sprayers, six were from toilets, one was from a commode, two were from bedrails and one was from a buzzer. Among these 57 isolates, there were 21 different PFGE profiles (at least seven or more band differences between each PFGE profile). The 26 stool isolates came from 15 different patients, and, among these patients, there were 14 different PFGE profiles (Figure 4) . Thus, one endemic strain did not appear to account for all CAD in the hospital. However, for the five patients with both a stool and environmental isolate available for analysis, the PFGE profile of at least one of the isolates detected in the environment matched that of the stool isolate in four instances. Because isolates were not obtained from the stool in week 1, it was not possible to determine whether patients excreted or had a diarrhea recurrence due to the same strain that caused their original disease. However, of the six patients with multiple stool isolates from different dates available for analysis, four had prolonged carriage of isolates that had the same PFGE profile. The maximum length of carriage of the same PFGE profile organism was three months. Although, it was not specifically assessed as to whether one stool sample may harbour multiple strains with different PFGE profiles, four patients had isolates from stool samples taken on different days that had different PFGE profiles, indicating that colonization may be transient.
DISCUSSION
Although asymptomatic carriage of C difficile in patients without diarrhea has been described, little is know about excretion of the organism from patients whose initial CAD has been appropriately treated with antibiotics. Our study results demonstrated that patients with CAD who had a diarrhea reccurence despite appropriate antibiotic therapy were at significantly greater risk of being prolonged excreters (P<0.0001, relative risk 14.25; 95% CI 3.38 to 60.02). To our knowledge, this is the first published study to indicate that prolonged excretion may have clinical relevance. These prolonged excreters represent a different population from that described by Johnson et al (16) who reported that asymptomatic carriers (who did not have prior diarrhea) were not at increased risk of developing disease. The balance of normal bowel flora in asymptomatic patients may be quite different from the flora of those patients who have had CAD therapy. The risk of diarrhea recurrence in our post-therapy prolonged excreters may be because the surviving C difficile could readily overgrow the normal bowel organisms that may still be out of balance due to antibiotic pressure. Although 15% of the original patients developed diarrhea recurrence, the true incidence cannot be reliably established in this study because many CAD-treated patients were discharged within one week of therapy initiation and were not available for further follow-up. Despite this limitation, the correlation between diarrhea recurrence and prolonged excretion warrants further assessment to determine the clinical relevance of prolonged excretion. Patients with diarrhea recurrence were significantly more likely to have received antibiotics (nine of 11 [81.8%]), other than metronidazole and/or vancomycin, just before or within 30 days of developing diarrhea recurrence than patients who had no diarrhea recurrence (22 of 64 [34.3%] ). This raises the possibility that diarrhea recurrence was linked to the use of concurrent 'other' antibiotics and highlights the significance of discontinuing other antibiotics where possible when patients are being treated for CAD. Although the discontinuation of the 'offending' original antibiotic that precipitated the CAD has always been recommended (22) , another antibiotic may be necessary to treat the initial underlying infection.
Patients with CAD are placed on some form of isolation pre- cautions (eg, enteric precautions) in most hospitals (22) . How to determine when such infection control precautions can safely be discontinued has not been well defined (22) . Wilcox and Spencer (17) found that "stool culture or toxin positivity is recognized to occur commonly following antibiotic therapy for CAD, in patients who nevertheless remain asymptomatic". Although not recommended (22) , post-therapy tests are sometimes done because caregivers are not sure when enteric precautions can be discontinued for patients who have been appropriately treated and are now asymptomatic. This often creates a dilemma about what to do if the patient no longer has diarrhea but has a positive diagnostic test for toxigenic C difficile. Such 'continued excretion' in patients treated for CAD has not been well studied. Although our data indicate a correlation between diarrhea reoccurence and prolonged excretion, further studies are warranted to confirm our finding that there may be clinical significance to prolonged excretion post CAD-therapy, and to determine whether there is a way to identify reliably patients who are most likely to have a recurrence of their diarrhea. Because most diarrhea recurrence occurs within three weeks of the initiation of CAD therapy, it might be prudent to ensure enteric precautions for at least three weeks post-CAD diagnosis and then discontinue enteric precautions for patients still in hospital who no longer have diarrhea.
Our study demonstrated that environmental contamination at the time of diagnosis of CAD (week 1) was significantly more common in patients with this disease than in patients with diarrhea due to other causes (18.6% versus 2.6%). Additionally, there was a subset of patients in the CAD group (six of 75) who went on to have prolonged environmental contamination (for three weeks or more). The role of environmental contamination during the acute diarrheal phase or the asymptomatic prolonged excretion phase in nosocomial disease transmission is not known (22) . Isolates from week 1 were not available for typing, and only one colony of C difficile was taken per environmental site, so we cannot determine whether the prolonged environmental contamination was due to the same strain that originally caused disease in the patient. However, despite these caveats, our data clearly demonstrate that there is significantly greater risk of having toxigenic C difficile in the environment of individuals with CAD compared with those with diarrhea from other causes. This is in agreement with the observation that those patients who develop CAD often have contact with another person carrying the organism, and that progression to disease (if it occurs) of the newly admitted patient usually occurs shortly thereafter (23) . The patient with CAD and the antibiotic-treated prolonged excreters may provide a source of toxigenic C difficile for patients who acquire the organism exogenously.
Studies that assessed the strains involved in diarrhea reoccurence indicated that approximately 50% of C difficile isolates obtained from 'relapsing' patients were due to strains different from the initial infecting strain when assessed by restriction enzyme analysis, suggesting they actually represented reinfection (19, 20) . However, there was no attempt to determine whether the patients were prolonged excreters. The lack of strains available for PFGE limited our ability to assess reliably whether diarrhea recurrence was due to the same or a different strain.
CONCLUSIONS
Our study demonstrated a correlation between development of diarrhea recurrence and prolonged excretion of cytotoxin, as well as the use of concurrent antibiotics for other underlying infections. The need to discontinue antibiotics when CAD is diagnosed is supported by our study because failure to do so may predispose the patient to developing a diarrhea reoccurence. Additional antibiotics should be prescribed only if they are still indicated to treat the underlying infection. In addition, every attempt should be made to ensure that the physician is dealing with a true infection and not a colonization when additional antibiotic administration is being considered. Further studies are needed to determine whether there is a way to predict reliably who will develop diarrhea reccurrence and to determine whether any beneficial interventions can be identified.
